Background. The role for sentinel lymph node biopsy (SLNB) in patients with thin melanoma (B1 mm) remains controversial. We examined a large cohort of patients with thin melanoma to better define predictors of SLN positivity. Methods. From 1995 to 2011, 781 patients with thin primary melanoma and evaluable clinicopathologic data underwent SLNB at our institution. Predictors of SLN positivity were determined using univariate and multivariate regression analyses, and patients were risk-stratified using a classification and regression tree (CART) analysis. Results. In the study cohort (n = 781), 29 patients (3.7 %) had nodal metastases. In the univariate analysis, mitotic rate [odds ratio (OR) = 8.11, p = 0.005], Clark level (OR 4.04, p = 0.003), and thickness (OR 3.33, p = 0.011) were significantly associated with SLN positivity. In the multivariate analysis, MR (OR 7.01) and level IV-V (OR 3.45) remained significant predictors of SLN positivity. CART analysis initially stratified lesions by mitotic rate; nonmitogenic lesions (n = 273) had a 0.7 % SLN positivity rate versus 5.6 % in mitogenic lesions (n = 425). Mitogenic lesions were further stratified by Clark level; patients with level II-III had a 2.9 % SLN positivity rate (n = 205) versus 8.2 % with level IV-V (n = 220). With median follow-up of 6.3 years, five SLN-negative patients developed nodal recurrence and four SLN-positive patients died of disease. Conclusions. SLN positivity is low in patients with thin melanoma (3.7 %) and exceedingly so in nonmitogenic lesions (0.7 %). Appreciable rates of SLN positivity can be identified in patients with mitogenic lesions, particularly with concurrent level IV-V regardless of thickness. These factors may guide appropriate selection of patients with thin melanoma for SLNB.
ABSTRACT
Background. The role for sentinel lymph node biopsy (SLNB) in patients with thin melanoma (B1 mm) remains controversial. We examined a large cohort of patients with thin melanoma to better define predictors of SLN positivity. Methods. From 1995 to 2011, 781 patients with thin primary melanoma and evaluable clinicopathologic data underwent SLNB at our institution. Predictors of SLN positivity were determined using univariate and multivariate regression analyses, and patients were risk-stratified using a classification and regression tree (CART) analysis. Results. In the study cohort (n = 781), 29 patients (3.7 %) had nodal metastases. In the univariate analysis, mitotic rate [odds ratio (OR) = 8.11, p = 0.005], Clark level (OR 4.04, p = 0.003), and thickness (OR 3.33, p = 0.011) were significantly associated with SLN positivity. In the multivariate analysis, MR (OR 7.01) and level IV-V (OR 3.45) remained significant predictors of SLN positivity. CART analysis initially stratified lesions by mitotic rate; nonmitogenic lesions (n = 273) had a 0.7 % SLN positivity rate versus 5.6 % in mitogenic lesions (n = 425). Mitogenic lesions were further stratified by Clark level; patients with level II-III had a 2.9 % SLN positivity rate (n = 205) versus 8.2 % with level IV-V (n = 220). With median follow-up of 6.3 years, five SLN-negative patients developed nodal recurrence and four SLN-positive patients died of disease. Conclusions. SLN positivity is low in patients with thin melanoma (3.7 %) and exceedingly so in nonmitogenic lesions (0.7 %). Appreciable rates of SLN positivity can be identified in patients with mitogenic lesions, particularly with concurrent level IV-V regardless of thickness. These factors may guide appropriate selection of patients with thin melanoma for SLNB.
Patients with thin melanomas (B1 mm Breslow thickness) represent *70 % of the 76,000 new cases of melanoma each year in the United States. 1 While only 4-7 % of patients with thin lesions die of melanoma, the deaths of these patients account for a significant proportion of the melanoma-specific mortality given the high incidence of thin melanoma. 2, 3 The role for sentinel lymph node biopsy (SLNB) in these patients remains controversial. Although nodal status has been identified as the most prognostic factor in several studies, the nodal positivity rate in patients with thin melanoma overall has been reported as *5 %, which is less than the complication rate observed with the procedure. [3] [4] [5] [6] [7] [8] [9] In order to guide a selective approach to SLNB for thin melanoma patients, multiple prior studies have attempted to define predictors of SLN positivity. The statistical analysis in many series, however, has been limited by the rarity of positive nodes. [10] [11] [12] [13] As a result, age, sex, Clark level, thickness, the presence of vertical growth phase, mitotic rate, ulceration, and lymphovascular invasion all have been variably associated with SLN positivity. 4, 6, 8, [14] [15] [16] [17] [18] [19] The inconsistency in reported prognostic factors has made determining which patients with thin melanoma should be considered for SLNB challenging. 7, 20, 21 The most recent National Comprehensive Cancer Network (NCCN) guidelines for melanoma identify a thickness of 0.76 mm as a cutoff below which SLNB generally should not be recommended. 20 The authors comment that the presence of putative ''high-risk'' features, such as ulceration and ''high'' mitotic rate only indicate that SLNB ''may be considered on an individual basis.'' For patients with 0.76-1 mm T1a lesions, SLNB should be ''discussed and considered.'' For those with 0.76-1 mm lesions with ulceration or mitotic rate C1/mm 2 (T1b [0.76 mm), the procedure should be ''discussed and offered.'' In this study, we investigate whether thickness or other factors better discriminate patients with T1 melanoma for selection for SLNB. While thickness is a known important prognostic factor for both melanomaspecific survival and nodal metastases, we hypothesize that in thin lesions, particularly very thin lesions, other factors, such as Clark level, may be more important to predict nodal metastases. We present what we believe to be the largest reported single institution experience of patients with thin melanoma undergoing SLNB (including the largest experience of patients with lesions \0.76 mm) in an attempt to further define patient and tumor characteristics predictive of SLN metastasis.
METHODS
From 1995 to 2011, 2,258 patients with primary melanoma underwent SLNB at our institution. Review of patient demographics, pathology, and operative reports identified all patients with thin (B1 mm) primary cutaneous melanoma and evaluable data (n = 781). Maximal thickness was determined upon completion of wide local excision. Thus, patients with a positive deep margin on biopsy appropriately were upstaged after careful pathologic review and excluded if total thickness [1 mm was found upon definitive resection. At our institution, SLNB is routinely performed for patients with melanoma [1 mm in thickness. SLNB in patients with thin melanoma is performed selectively. This decision is based on individual patients' melanoma risk factors and comorbidities, discussion of the risks and benefits of the procedure, and patient preferences.
Patient variables analyzed were age and sex. Primary tumor characteristics included anatomic site, tumor thickness, Clark level, mitoses, tumor infiltrating lymphocytes (TIL), regression, ulceration, lymphovascular invasion evident in H&E sections, and microsatellitosis. Pathologic variables were defined as previously reported. 2 The following binary variables were used in the analyses: Clark level (II-III and unknown or IV-V), thickness (B0.75 or 0.76-1 mm), TIL (present/absent), and mitoses (present/ absent). For lesions in which an individual characteristic was not reported, the characteristic was recorded as unknown.
The method for calculating mitotic rate varied slightly over the study period. Initially, mitotic rate was calculated based on number of mitoses observed divided by the tumor area surveyed. This average value led to the possibility of reporting fractional mitoses (mitotic rate between 0 and 1). Current practice quantifies the number of mitoses in an identified hotspot, which results in any ''mitogenic'' lesion being reported as having at least one mitosis. 22 Tumors with fractional mitoses in this data therefore could be considered T1b lesions (C1/mm 2 ), making the treatment of mitoses as binary variable (present/absent) congruent with the current AJCC classification of T1a/b status. 23 SLNB was performed using the standard technique as previously described. 8 All SLN specimens were reviewed by specialized surgical pathologists or dermatopathologists at the Hospital of the University of Pennsylvania. Lymph node specimens were stained for S100 and HMB45 as previously described. 8 A false-negative SLNB was defined as a regional nodal recurrence in a draining lymph node basin after a negative SLNB. These patients were identified by a query of our pathologic database from 1995 to 2011 for all nodal recurrences.
Predictors of SLN positivity were determined using univariate and multivariate logistic regression analyses performed with SAS software (SAS Institute Inc., Cary, NC, USA). A classification tree analysis was performed using a recursive portioning algorithm (Salford Systems, San Diego, CA, USA) to risk-stratify patients for SLN positivity. 24 Only patients with known mitotic rate data were included in the regression analyses (n = 698). The Kaplan-Meier method was used to determine melanomaspecific survival. For all analyses, p \ 0.05 was considered significant. This study was approved by the University of Pennsylvania Institutional Review Board.
RESULTS

Patient and Tumor Characteristics
In all patients with thin melanoma (n = 781), the median age was 51 (range 14-88) years and the majority were male (55 %). The median lesion thickness was 0.74 mm, and 433 patients (55 %) had T1b lesions. Mitogenic lesions were common (54 %), as were those with level IV-V (44 %), although only a single lesion was level V. Ulceration (4 %), lymphovascular invasion (1 %), and microsatellites (1 %) were observed rarely.
Predictors of SLN Positivity
Among the 781 patients, 29 had a positive SLNB (3.7 %). SLN positivity exceeded 5 % in several patient subgroups: lesions that were level IV-V, had thickness C0.76, had present mitoses, had lymphovascular invasion, or had microsatellites (Table 1) . Although infrequent, ulceration was not associated with any instances of SLN positivity (0/30 patients). Older age ([65 years) also was associated with a particularly low rate of SLN positivity (1.6 %).
In the univariate analysis, Clark level IV-V (p = 0.003), thickness C0.76 mm (p = 0.011), and the presence of mitoses (p = 0.005) were significantly associated with SLN positivity ( Table 2 ). The presence of lymphovascular invasion and microsatellites were both associated with a markedly increased SLN positivity rate of 29 % (95 % CI 4-71 %). However, these factors were only present in seven patients, and the low number of events precluded inclusion in the statistical model. In the reduced multivariate model, only Clark level (OR 3.45) and the presence of mitoses (OR 7.01) remained significantly associated with SLN positivity (Table 2) .
A classification tree analysis identified high-and lowrisk groups for SLN positivity (Fig. 1) . The presence of mitoses was identified as the primary cut-point for risk stratification. Patients whose lesions had mitoses (n = 425) had a 5.6 % rate (95 % CI 3.4-7.8 %) of SLN positivity compared with a 0.7 % rate (95 % CI 0.2-1.2 %) in those without mitoses (n = 273). Patients with lesional mitoses were further stratified by Clark level. Patients with mitoses but level II-III (n = 205) had a SLN positivity rate of 2.9 % (95 % CI 1.7-4.1 %), whereas patients with both mitoses and level IV-V (n = 220) had a SLN positivity rate of 8.2 % (95 % CI 6.4-10 %).
Given the prominence of thickness in the NCCN guidelines, the two risk factors identified in the multivariate analysis (present mitoses and Clark level IV-V) were further explored by stratifying on thickness (\0.76 and C0.76 mm). For all patients, SLN positivity rates progressively increased with increasing numbers of these three factors. With one factor, the SLN positivity rate was 2.1 % (n = 234), with two it was 4.7 % (n = 234), and with all three it was 9.3 % (n = 140). Among patients with none of TIL tumor infiltrating lymphocytes, LVI lymphovascular invasion these factors, the SLN positivity rate was 0 % (n = 173). Interestingly, in patients with all three factors but older than 65 years of age (n = 30), the SLN positivity rate also was 0 %. Each combination of factors was then analyzed separately (Table 3 ). In patients with lesions C0.76 mm, those with no mitoses and Clark level II-III had a SLN positivity rate of 3 %. The rate increased to 3.8 % for lesions with Clark level IV-V but no mitoses, and in lesions C0.76 mm with mitoses (T1b), but level II-III, the SLN positivity rate was 4 %. In contrast, in patients with \0.76-mm lesions, the absence of elevated Clark level and mitoses was associated with a 0 % SLN positivity rate. The presence of either elevated Clark level or mitoses alone was associated with a low rate (1.4 and 1.9 % respectively) of SLN positivity. In the patients with very thin lesions with both mitoses and elevated Clark level (n = 80); however, the rate increased to 6.3 %.
Outcomes After SLNB
Patients with a positive SLNB (n = 29) were followed for a median of 6.3 years. Four of these patients (14 %) died of disease (Table 4 ). All were male, and the average age at diagnosis was 40. Lesion thickness ranged from 0.9 to 1 mm, and three were known to be mitogenic (one unknown mitoses). Only two patients in the entire cohort had more than one positive SLN, and both died of disease. Overall 27 of the 29 patients with positive SLNB underwent completion lymphadenectomy, and two patients were found to have a positive non-SLN (both of these patients were alive 3 years after surgery).
Five patients were identified as having a regional nodal recurrence after a negative SLNB (false-negative rate = 15 %). Although too small a sample for statistical analysis, patients with a false-negative SLNB tended to have a number of high-risk features (thickness C0.76 mm Table 4 ).
DISCUSSION
The role for SLNB in patients with thin melanoma remains controversial. The present study reports an expectedly low overall rate of SLN positivity (3.7 %). The regional nodal metastatic rate was 4.4 % overall when false-negative SLN patients were included, which is consistent with the nodal positivity rate of 4.3 % among our institution's pre-SLN era population of patients with thin melanoma and long-term follow-up. 25 Of potential importance, this study identifies the presence of mitoses and Clark level IV-V as significantly associated with SLN positivity in the multivariate analysis. Thickness C0.76 mm was associated with SLN positivity only in the univariate analysis.
Thickness, Clark level, and mitotic rate are the most frequently reported factors associated with SLN positivity in previous studies, and our findings support that these are important factors in defining an individuals' likelihood of SLN positivity. 4, 6, 8, [14] [15] [16] [17] [18] [19] That thickness did not remain significantly associated with SLN positivity in the multivariate analysis may be explained, in part, by the selection bias inherent in studies of SLNB for T1 melanoma. Many centers rarely perform the procedure in patients with very thin lesions, and in studies with predominantly thicker T1 melanomas the predictive importance of Clark level may be less relevant. The median thickness in our study was 0.74 mm, which is lower than other studies wherein reported median thickness ranges from 0.85 to 0.95 mm. 6, 19 The exact ''threshold'' rate of SLN positivity for performing SLNB in patients with T1 melanomas can be debated and depends on patient factors (e.g., age, comorbidities, and preferences) and the procedure's implications with respect to staging, prognostication, and therapy. In our study, the presence of mitoses was the most important factor for predicting SLN metastases. Patients without mitoses (regardless of other factors) have a SLN positivity rate of 0.7 % (95 % CI 0.2-1.2 %). Even in the subset of patients with lesions C0.76 mm, the SLN positivity rate was just 3 % in the absence of mitoses. Thus, among nonmitogenic lesions, SLNB would be hard to justify based on risk of nodal positivity. Overall, among mitogenic lesions, the SLN positivity rate was found to be 5.6 % (95 % CI 3.4-7.8 %). The risk for SLN positivity appeared to be heterogeneous among mitogenic lesions depending upon the concomitant presence of other factors, particularly Clark level. In patients with mitogenic lesions but with level II-III, the SLN positivity rate was just 2.9 % (95 % CI 1.7-4.1 %).
Historically, Clark level was shown to be an important prognostic factor in patients with melanoma. 26 However, while its prognostic role for melanoma-specific survival may be less relevant when mitotic rate is considered, it appears to play an important role in the risk-stratification of patients with mitogenic T1 melanomas. Given the variability in the dermal thickness among patients, it may be that in the thinnest lesions Clark level provides meaningful prognostic information beyond tumor thickness. The lymphatic density has been reported to be greater within the papillary dermis (level II-III), but associated with smaller diameter vessels than in the reticular dermis (level IV). 27, 28 Although the effect of this anatomic difference on nodal metastasis is unknown, it may provide a mechanism to explain the association with Clark level. Among patients with elevated Clark level and mitoses, the SLN positivity rate was 8.2 % (95 % CI 4.9-12.6 %). Moreover, in the subset of these lesions \0.76 mm, the SLN positivity rate was 6.3 % (95 % CI 2.1-14 %); in comparison, among lesions C0.76 mm with mitoses, but level II-III the rate was 4 % (95 % CI 1.1-9.8 %). Current NCCN guidelines suggest that SLNB is generally not indicated for the former, but should be ''discussed and offered'' for the latter. 20 Our data are consistent with previous reports demonstrating the strong prognostic significance of mitoses in T1 melanomas. 8, 14, 18, 19 The current data support perhaps a less rigid view of the thickness cutoff of 0.76 mm and suggest that Clark level may be clinically valuable in risk stratifying and counseling patients with mitogenic T1 melanomas for SLNB. In the overall study cohort, the SLN positivity rate was 6.2 % for Clark level IV-V, 5.9 % for lesions [0.75, and 5.6 % for mitogenic lesions. Routine use of SLNB based upon Clark level or any other single factor, however, incorporates a heterogeneous group of patients whose risk of SLN positivity can be further refined by accounting for multiple high risk factors. Moreover, several factors (such as age) may contribute in a more nuanced way to the risk for SLN positivity although not clearly identified in our multivariate model. For instance, it should be noted that even when lesions were C0.76 mm, mitogenic, and level IV-V, patients older than age 65 years had a 0 % rate of SLN positivity in the current study. The other component of T1b stage is the presence of ulceration. In our patients ulceration was rarely recorded (4 %) and not associated with SLN positivity. Our results would not support stronger consideration for SLNB in patients with thicker T1b melanomas that are classified as such by virtue of ulceration alone. That we find no association of ulceration with SLN positivity highlights the proposition that factors associated with survival may not inherently be associated with nodal metastasis.
Like prior investigations, this study is limited by its retrospective nature, particularly in the potential biases introduced through patient selection for SLNB. Indeed, our study population is enriched for males, present mitoses, and elevated thickness and Clark level in comparison to an unselected group of pre-SLN era thin melanoma patients from our institution. 25 Both male sex and present mitoses were identified as a risk factor for regional nodal recurrence in that analysis, which, along with results from other published series, likely influenced the selection of our current study population and potentially our results. These patients clearly are not a complete representation of the general population of thin melanoma patients. We believe, despite these limitations, that the results presented may add useful prognostic information for the selection of patients with T1 melanoma for SLNB, given the large sample size and the greater thickness range of T1 melanomas represented in this study compared to many other series of SLNB.
CONCLUSIONS
Whereas the SLN positivity rate is low in patients with thin melanoma (3.7 %), appreciable rates of positivity can be identified across all thicknesses in patients with mitoses and level IV-V. Clark level may be a better discriminant for predicting SLN metastases than thickness in mitogenic T1 melanomas. Regardless of thickness, in the absence of mitoses the SLN positivity rate is so low (0.7 %) as to call into question offering the procedure. Our findings may help to guide the selective performance of SLNB in patients with thin melanoma. 
